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TECHNICAL FIELD 

The present invention relates to a method of drying a 
honeycomb formed body. Particularly, the present invention 
relates to a method of drying a honeycomb formed body in which 
distortion or cross sectional deformation of a honeycomb formed 
body can be reduced - 

BACKGROUND ART 

A honeycomb structure is widely used for catalyst 



carriers and various filters. Recently, The honeycomb 
structure gets attention as a filter for trapping particulate 
matter exhausted from diesel engine (hereinafter referred to 
as DPP) . 

Such a honeycomb structure generally contains ceramics 
as a main component in many cases . Following method is 
generally taken for producing the honeycomb structure. After 
adding water and several kinds of additives to the ceramic raw 
material to form kneaded clay, the kneaded clay is extruded to 
form honeycomb formed body, then the formed body is dried and 
fired to obtain the honeycomb structure. 

Such a drying process in the production method is faced 
with the problem that deformation such as distortion or twist 
occurs in the honeycomb formed body . Sometimes the honeycomb 
formed body is formed by joining a plurality of segments having 



honeycomb structure into an integral body. This approach is 
also faced with the problem that any deformation such as 
distortion or twisting occurring in any segment may complicate 
the joining process. 
5 As a method for inhibiting distortion and the like in 

drying, there is a method for drying a cercimic formed body having 
a honeycomb structure by using a drying jig having an upper jig 
and a lower jig equipped with pressure applying means, the 
applied pressure being preferably 0.4 to 0.6 MPa as disclosed 

10 in Japanese Patent Application Laid-open No. 2001-130973. 

There is a drying jig having two separate jigs formed in such 
a way that they enclose in a closely contacted state nearly the 
whole surface of sides parallel to a longitudinal direction of 
a cercimic formed body having a honeycomb structure as disclosed 

15 in Japanese Patent Application Laid-open No. 2001-19533. In 
these methods, though the distortion of the formed body can be 
inhibited, cells may be collapsed in some cases, which may 
result in cross sectional deformation of the formed body. 

20 DISCLOSURE OF THE INVENTION ^ 

The present invention has been made in view of such a 
situation and aims to provide a method of drying a honeycomb 
formed body in which distortion or cross sectional deformation 
of a honeycomb formed body can be reduced. 

25 The present invention provides first a method of drying 

a honeycomb formed body comprising an outer wall, partition 
walls disposed inside the outer wall, and cells surrounded by 
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the partition walls and extending in an axial direction of the 
honeycomb formed body, wherein the method comprises a drying 
step of starting to dry in a state of covering at least a part 
of the outer wall with a guide covering the outer wall so as 
5 not to come into contact with the outer wall (a first aspect 
of the invention). 

In the first aspect of the invention, the drying step 
preferably starts with a distance between the outer wall and 
the guide covering the outer wall of 0 . 1 to 1 . 0 mm . Furthermore , 

10 in the case where the outer wall and the guide come into contact 
with each other during the drying step that starts with a 
distance between the outer wall and the guide covering the outer 
wall of 0.1 mm or less, the pressure applied to the outer wall 
from the guide is preferably less than 0.2 MPa. 

15 Secondly, the present invention provides a method of 

drying a honeycomb formed body comprising an outer wall, 
partition walls disposed inside the outer wall and a plurality 
of cells surrounded by the partition walls and extending in an 
axial direction of the honeycomb formed body, and the method 

20 comprises comprising the step of drying the honeycomb formed 
body in a state where at least a part of the outer wall is covered 
with a guide that covers the outer wall while being in contact 
with the outer wall, wherein in the drying step the pressure 
applied to the outer wall from the guide at the point of contact 

25 is less than 0.2 MPa (a second aspect of the invention). 

In the first or second aspect of the invention, it is 
preferred that the guide has an opening, and the extent that 
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the guide covers the outer wall is in the range of 20 to 100%, 
relative to the surface area of the entire outer wall face. It 
is also preferred that the drying step includes a microwave 
drying step and a hot air drying step, and the hot air drying 
5 step is conducted after the microwave drying step. In this 
case, the drying preferably starts in a state where at least 
a part of the outer wall is covered with the guide at least in 
the hot air drying step, and also the drying preferably starts 
in a state where at least a part of the outer wall is covered 

10 with the guide at least in the microwave drying step. 

Additionally, in the microwave drying step, output of microwave 
per unit mass of the honeycomb formed body is preferably in the 
range of 0 . 5 to 3 kW/kg, and dewatering ratio relative to the 
total dewatering amount in the complete drying step is 

15 preferably in the range of 30 to 80% by mass. It is also 

preferred that the honeycomb formed body contains ceramics as 
a main component and the main component contains silicon 
carbide . 



20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic perspective view showing an 
embodiment of the honeycomb formed body of the present 
invention. 

Fig. 2 is a schematic perspective view showing another 
25 embodiment of the honeycomb formed body of the present 
invention. 

Fig. 3 is a schematic perspective view showing a honeycomb 
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formed body of the present invention placed on a mounting jig- 
Fig. 4 is a schematic perspective view showing a honeycomb 

formed body of the present invention covered with a guide. 

Fig. 5 is a schematic perspective view showing a honeycomb 
5 formed body of the present invention covered with another type 

of the guide . 

Fig . 6 is a schematic front view showing a honeycomb formed 
body of the present invention placed on another type of the 
mounting Jig. 

10 Fig. 7 is a schematic perspective view showing a honeycomb 

formed body of the present invention covered with still another 
type of the guide . 

Fig. 8(a), Fig. 8{b) and Fig. 8(c) are schematic front 
views showing a honeycomb formed body of the present invention 
15 covered with still another type of the guide respectively - 
Fig. 9 is a schematic perspective view showing a honeycomb 
formed body of the present invention covered with still another 
type of the guide. 

Fig. 10 is a schematic side view showing a method for 
20 measuring distortion of a. honeycomb formed body of the present 
invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Methods of drying a honeycomb formed body according to 
25 the first and the second aspects of the present invention are 
described below in detail with reference to the concrete 
embodiments. However, the present invention is not restricted 
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to the following embodiments. Incidentally, in the present 
description, the expression "section" means a section 
perpendicular to the axial direction shown in Fig. 1, unless 
otherwise specified . 
5 As shown in Fig. 1 or Fig. 2, for exeimple, the honeycomb 

formed body according to the first aspect and the second aspect 
comprises an outer wall 7 , partition walls 2 disposed inside 
the outer wall 7 and a plurality of cells 3 surrounded by the 
partition walls 2 and extending in an axial direction of the 

10 honeycomb formed body. A significant feature of the first 
aspect is provision of the drying step which, in drying such 
aThoneycomb formed body, starts drying in a state where at least 
a part of the outer walls 7a and 7b is covered with a guide 12 
covering the outer wall so as not to come into contact with the 

15 outer wall, for example the outer wall 7a and/or 7b as shown 
in Fig. 3 and Fig. 4, namely in a state where the guide covers 
the outer wall at a certain distance. 

By starting the drying step in such a state, it is possible 
to dry the honeycomb formed body while preventing it from being 

20 distorted without applying an excessive pressure. Therefore, 
it is possible to prevent occurrence of both the cross sectional 
deformation and the distortion of the honeycomb formed body. 

In the first aspect, if the distance between the outer 
wall and the guide, or a distance a between the outer wall 7a 

25 and the guide 12 as shown, for example, in Fig. 4 is too large, 
the effect of preventing distortion is difficult to be achieved, 
so that such distance is not preferable. Therefore, the 
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distance a is preferably 1.0 mm or less. On the other hand, 
if the distance a is too small, the effect of preventing cross 
sectional deformation of the honeycomb formed body is difficult 
to be achieved, so that such distance is not preferable. 
5 Therefore, the distance a is preferably 0 . 1 mm or more. 

Likewise, the distance between the outer wall 7b located on the 
lateral side and the guide is preferably in the range of 0.1 
mm and 1 . 0 mm . 

If these distances are 0 . 1 mm or less , the maximum pressure 

10 at the time the honeycomb formed body and the guide come into 
contact with each other during the drying step is desirably set 
to less than 0.2 MPa, preferably 0.05 MPa or less in order to 
prevent the sectional shape from deforming to some extent . 

Fig. 5 shows another embodiment of the first aspect . Fig. 

15 5 shows a preferred example when a honeycomb formed body of 
cylindrical shape is subjected to drying. The. honeycomb formed 
body is placed on a mounting jig 10 having a recess of 
semi-cylindrical shape, and then the outer wall 7 is covered 
with a guide 12 having a recess portion of semi- cylindrical 

20 shape with a radius slightly larger than the sectional radius 
of the honeycomb formed body. In this manner, it is possible 
to cover the outer wall so that a part of the outer wall 7 , namely, 
the outer wall located on the upper side does not come into 
contact with the guide 12. 

25 Still another embodiment is shown in Fig. 6 and Fig. 7. 

In this case, a honeycomb formed body 1 of rectangular prism 
is received by amounting jig 10 having a V-shaped cross section. 
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and the outer wall 7a on the upper side of the honeycomb formed 
body is covered with a guide 12 having a V-shaped cross section 
which is formed by sides each being slightly larger than one 
side of the rectangular cross section of the honeycomb formed 
5 body 1. At this time, since the load of the guide 12 is received 
at or in the vicinity of an end face 14 of the mounting jig, 
the guide 12 and the upper outer wall 7a will not come into 
contact with each other • 

In the above embodiments, although the honeycomb formed 

10 body is surrounded by the combination of the mounting jig and 
the guide, the mounting jig is not an essential element, and 
the embodiment shown in Fig. 3 may lack the mounting jig, for 
example. In the embodiment shown in Fig. 5 or Fig. 7, the 
mounting jig and the guide may be integrally formed. In such 

15 a case, the outer wall on the lower side of the honeycomb formed 
body comes into contact with the lower part of the guide because 
the honeycomb formed body is placed in the integrated guide, 
however, the effect of the present invention can be achieved 
because the part being in no contact is positioned upside. 

20 Next, a preferred specific example in the second aspect 

of the present invention will be explained. The honeycomb 
formed body according to the second aspect is similar to that 
of the first aspect . A significant feature of the second aspect 
is the drying step which starts drying in a state where at least 

25 a part of outer wall of the honeycomb formed body is covered 
with a guide 12 in such a manner that the guide is in contact 
with at least a part of outer wall 7, as shown in Figs. 8(a) 



to 8(c) , for example, wherein the pressure applied by the guide 
12 on the outer wall 7 at the contact portion is less than 0.2 
MPa, preferably 0.05 MPa or less in the drying step. 

If the drying is conducted in a state where the guide and 
5 the outer wall are in contact with each other and that a 

generally-used pressure, such as pressures of 0.2 MPa or more 
is applied on the outer wall by the guide, the sectional shape 
of the honeycomb formed body deforms although distortion is 
prevented. However, by setting the pressure applied during the 

10 drying less than 0.2 MPa, preferably 0.05 MPa or less, it is 
possible to prevent the sectional shape from deforming to some 
extent, while preventing the distortion. 

In the second aspect , all the surface that the guide covers 
is not necessarily in contact with the outer wall, and in the 

15 embodiment as shown in Fig. 8(a), for example, when the outer 
wall located on the upper side is in contact with the guide, 
the outer wall located on the lateral side may hot be in contact 
with the guide 12. In this case, the distance is preferably 
in the range of 0.1 to 1.0 mm. 

20 In the second aspect, the way of applying pressure is not 

particularly limited, and examples of the pressure application 
method include applying a load downward from above the guide, 
applying pressure by guide's own weight, and applying pressure 
from lateral side by pressure applying means in the embodiment 

25 as shown in Fig. 8(a). 

In the first or second aspect of the invention, it is also 
preferred to cover the outer wall 7 using a guide 12 having an 
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opening 13 as shown in Fig. 9, for example. By employing such 
a configuration, it is possible to improve the evaporation 
efficiency of moisture of the honeycomb formed body and improve 
the drying efficiency. In this case, the shape and the position 
5 of the opening are not particularly limited. Preferably, the 
opening of larger size is desired from the view point of the 
drying efficiency. However, if the opening is too large, the 
extent of the outer wall covered with the guide becomes too small 
to make the present invention difficult to give the effect. 

10 Therefore, the opening area of the opening is preferably 80% 
or less, more preferably 70% or less and still preferably 60% 
or less, relative to the area of the guide including the opening. 

Likewise, from the view point of suppressing the 
distortion, the extent of the outer wall covered with the guide 

15 is preferably in the range of 20 to 100%, more preferably in 
the range of 30 to 100%, and still preferably in the range of 
40 to 100%, relative to the surface area of the entire surface 
of the outer wall . From the view point of realizing suppression 
of distortion and improvement of drying efficiency, the extent 

20 is preferably in the range of 20 to 90%, more preferably in the 
range of 30 to 80%, and still preferably in the range of 40 to 
70%. Therefore, in the case of providing an opening, it is 
preferred to provide the opening so as to satisfy the above 
ranges . Herein the expression "extent of the outer wall covered 

25 with the guide" means the extent excluding the opening if 
exists . 

The drying means in the first or second aspect of the 



invention is not particularly limited, however, microwave 
drying and/ or hot air drying is preferably used. The microwave 
drying has an advantage of executing rapid drying, however, the 
drying cannot be completed by the microwave drying in some 
cases. Therefore, it is preferred to combine the microwave 
drying and the hot air drying. Also preferred is conducting 
the hot air drying after removing moisture to some extent by 
conducting the microwave drying . 

In the case where the hot air drying is conducted after 
the microwave drying, it is preferred that the drying is started 
in a state where at least a part of the outer wall is covered 
with the guide according to the first aspect or the second aspect 
of the present invention in either the microwave drying step 
or the hot air drying step. It is more preferred that the guide 
is used in the microwave drying step. It is especially 
preferred that the drying is started in a state where at least 
a part of the outer wall is covered with the guide in both of 
the drying steps . 

The output of microwave in the microwave drying step is 
not particularly limited, however it is preferably in the range 
of about 0.5 to 3 kW/kg. If the output of microwave is too low, 
longer drying time is required to possibly cause collapse by 
the own weight. On the other hand, if the output of microwave 
is too high, a problem may occur that the binder starts burning. 
From the view point of preventing occurrence of distortion, it 
is also preferred that 30 to 80% by mass of the total dewatering 
amount, preferably 30 to 60% by mass of the total dewatering 
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amount is dewatered in the microwave drying step, and the 
remaining moisture is dewatered in the hot air drying step. 
Also, it is preferred to use ventilating type or hot air 
circulating type hot air drying means . 

The honeycomb formed body according to the first or second 
aspect preferably contains ceramics as a main component in the 
case of using the honeycomb formed body as various kinds of 
filters and carries. It is especially preferred that the main 
component contains silicon carbide from the view point of heat 
resistance or the like in the case where the honeycomb formed 
body is used as DPF or the like. 

The present invention will concretely be described 
hereinafter in terms of examples . However the present 
invention is not limited to these examples . 
(Production of honeycomb formed body) 

As a raw material, a mixed powder containing 80% by mass 
of SiC powder and 20% by mass of metal Si powder was prepared. 
To the powder, methyl cellulose, hydroxypropoxyl methyl 
cellulose, surfactant, and water were added to prepare kneaded 
clay having plasticity. This kneaded clay was extruded to form 
a honeycomb formed body A of rectangular prism as shown in Fig. 
1 having a sectional shape of square 40 mm on a side and a length 
of 400 mm, and a honeycomb formed body B of cylindrical shape 
as shown in Fig. 2 having a diameter of 50 mm and a length of 
400 mm. 
( Example 1 ) 

The honeycomb formed body B was set into the mounting jig 
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and the guide as shown in Fig. 8(b) having no space with the 
outer wall of the honeycomb formed body B. That is, the outer 
wall of the honeycomb formed body B was covered with the mounting 
jig and the guide that covers the outer wall such that the outer 
5 wall and the guide come into direct contact. After applying 
pressure on the honeycomb formed body B by applying a load 
downward from above the guide at pressures listed in Table 1, 
microwave drying was conducted, followed by hot air drying to 
the complete dried state. Then, the honeycomb formed body was 

10 taken out and a difference between the maximxim diameter and the 
minimum diameter of the end face was measured for checking 
deformation of the sectional shape, and the resultant values 
are shown in Table 1 as a tolerance of product profile. 
( Examples 2 and 3 ) 

15 Using the honeycomb formed body A, the test similar to 

Example 1 was conducted except that the mounting jig and the 
guide as shown in Fig. 8(a) were used in Example 2 and the 
mounting jig and the guide as shown in Fig, 8(c) were used in 
Example 3. The results are shown in Table 1 
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Reviewing the results of Examples 1 to 3 in Table 1 
comprehensively, the honeycomb formed body collapsed and the 
sectional shape was largely deformed near the part where the 
outer wall was in contact with the guide when the applied 
5 pressure was 0.2 MPa or more. On the other hand, when the 
applied pressure was 0.05 MPa or less, the deformation was not 
so significant. 
(Example 4) 

Using the honeycomb formed body B, the drying was 
10 conducted in the drying condition similar to that of Example 
1 while using the mounting jig and the guide as shown in Fig. 
5 and changing the space a between the guide and the outer wall 
from 0.2 to 3.0 mm as shown in Table 3. Then, the distortion 
amount 6 of each honeycomb formed body was measured. As shown 
15 in Fig. 10, the distortion amount B was determined using a dial 
gauge by placing the honeycomb formed body on a specific jig, 
and measuring the difference between the average of vertical 
positions at two points xl and x2 located at ends of the 
longitudinal direction and the vertical position of the outer 
20 wall in the mid point of these two points . The results are shown 
in Table 2. At a distance a in the range of 0 . 2 to 1 . 0 mm, the 
distortion amount was small and allowable, however, at a 
distance a of 1 . 5 mm or more, the distortion amount was large 
and exceeded the allowable range. 



{ Example 5 ) 

The honeycomb formed body A was placed on the mounting 
jig 10 and covered with the guide 12 having the opening 13 as 
shown in Fig. 9 so that the guide was disposed at a distance 
5 of 0 . 5 mm from the outer wall . The opening area of the opening 
13 was varied at 60%, 30% and 0% (i.e. no opening) relative to 
the area of the guide including the opening 13, and a sample 
not covered with the guide was also prepared. These samples 
were subjected to microwave drying for 160 seconds at an output 

10 of 2 . 0 kW/kg, followed by hot air drying at 120' C for 20 minutes . 
From the relation between the drying time and the moisture 
evaporation ratio, a relative moisture evaporation rate was 
determined relative to the moisture evaporation rate obtained 
by the sample not having the guide. The distortion amount of 

15 the honeycomb formed body was also determined. The results 
shown in Table 4 demonstrate that the distortion amount is 
reduced by the guide, and the moisture evaporation rate is 
increased by providing an opening in the guide and reducing the 
area of the guide covering the outer wall . 
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( Example 6 ) 

The honeycomb formed body B was dried by microwave at an 
output of 3 kW/kg without using the guide . By varying the drying 
time, honeycomb formed bodies having moisture evaporation 
5 ratios of 0% which was not subjected to the microwave drying, 
to 80% were obtained. Then these honeycomb formed bodies were 
set between the mounting jig and the guide having the shapes 
as shown in Fig. 5 at a distance a between the guide and the 
outer wall of 0.5 mm, and subjected to hot air drying under the 

10 condition of 120** C and wind speed of 5 m/sec. After the 

remaining moisture was evaporated, distortion amounts of these 
honeycomb formed bodies were measured. The results are shown 
in Table 4. 
(Excunples 7 and 8) 

15 The test similar to Exeimple 6 was conducted except that 

the mounting jig and the guide as shown in Fig. 4 were used in 
Example 7 and the mounting jig and the guide as shown in Fig. 
7 were used in Example 8. The results are shown in Table 4. 

Table 4 shows the existence of an optimum range in the 

20 moisture evaporation ratio accomplished by microwave where the 
distortion amount is very small compared to the case where the 
moisture evaporation ratio is too high or too low. 
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INDUSTRIAL APPLICABILITY 

As described above, by using the drying method of the 
honeycomb formed body according to the first or second aspect 
5 of the invention, it was possible to avoid both distortion and 
cross sectional deformation during the drying. Therefore, the 
present invention can be advantageously used for drying a 
honeycomb formed body. 
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